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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
light emitting element, wherein characteristics can be 
stabilized and a long life II— VI compound semiconductor 
is used. 

SOLUTION: In a semiconductor laser of an SCH 
structure wherein a ZnCdSe layer is an active layer, a 
ZnSSe layer is an optical waveguide layer and a 
ZnMgSSe layer is a clad layer, a p-type ZnCdSe active 
layer 6 is used as an active layer. An effective acceptor 
concentration NA-ND of the p-type ZnCdSe active layer 
6 is 1 X 1015cm-3 or more and 1 X 1018cm-3 or less, 
e.g. 6 x 1016cm-3. A p-type ZnSSe optical waveguide 
layer can be provided between an nH:ype ZnSSe optical 
waveguide layer 5 and the p-type ZnCdSe active layer 6. 
The effective acceptor concentration NA-ND of the p- 
type ZnSSe optical waveguide layer is 1 X 1015cm-3 or 
more and 1 x 1018cm-3 or less, e.g. 6 X 1016cm~3 and a 
thickness thereof is 30nm, for example. 
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(57) BS»] 

nun n'&<D%mt*m% c ttf-?%, Lfr&mm 
tisvi i -v i vfo^sMttem^it^mt&tim? 

im&m Z n C d S em*m'&M, ZnSSel 
ZnMgSSeI^7-yFimsC 

CdSelStti6*ffll(^, pMZnCdSe?£'i4Jf 6 
(D^y^^-f^m&NA — N« BUI o' 5 cm" 3 JK 
± 1 x l o 18 cm" 3 J^Ts W*.fcf6 xio" cm" 3 fcf 
§o niZnSSe)tIii5J:piZnCdSeStt 
!6tOfflKpSZnS S e)tlia»i*H» , rt)J:V\ 
C^p^Zn S S e^jaWO^r^-b^WfiN* 
- N» 1 x l 0 15 c rrf 3 Wiixio" c m" 3 JWK 

®m$6x l 0 16 cm" 3 fcU m^mm£3 0nmt 




1 

±mm®Ms ±12 n m * 9 >y fji* <t if ±ih p s * 9 -y 

FJiMu Zru Hg. Cd, Mgfe«fclfB efrZft&M 

S N Se:fc<fctfTefr5&3P<fcDSt£ft;rc^&<£& 
-m&L±.<DV I 7C*^tcj;D«^*nfc I I - V I M 

1 O 15 c m 3 JK± 1 X 1 O 18 c m 3 JKTTffcS C 

[tt#X 3 ] ±!E?SfiUi©W3&7 ^^Ifitfix 
1 0' s c m" 3 «± 5 X 1 o" c m" 3 JKTCfc* C 

Cffc&S 4 ] ±f2n 9 y Kg £ ±ffflgffii £<DH9 

fc±§2 i i - v i MA*4^HMp&&*M® p9l*.9 
y F»*#r« c fc«1«Kfc-r*ll sR« 1 fB«<D¥#ft 20 

m^m 5 ] ±|2J3iJ© pS* 9 >y ?m<DWtiT9*L~7 
Zm&tf 1 x 1 0 15 c m" 3 JK± 1 x 1 O 18 c m" 3 VCFX 

m#m e ] ±I2j?j© P 9 -y vmomrr 

1 x l o 15 cm" ! Ki5xio" c m" 3 &CFX 

im&m 7 ] ±m\v> pmt^v vrnvmntf i o o 

S^Uffo 30 

I I -V I Mfc^tWft^&Slg 1 ©)ftiS®*5£ 
311*3 l !2fc©¥«ft?§7telS?c 

[it 9 ] ±aa» i oxmmo *> % wpr& < ^ 

[ff*« l 0 ] ±K» l ©ftWf <D±iB p ^Og|57> 

co^r^^^mm^ ixio' s cm"Kiixio 40 
18 c m 3 JKTpfc s c 1: fit tt z>m>m 9 I2ft©¥ 

m>m 1 1 ] ±ib» 1 (Dmms(D±m p ^©35t> 

©W3&7?«fe:/#?ggtf 1 x 1 o' 6 c m" 3 K±5X10 
17 c m 3 WTTf*a c fcENK irr 3»#5t 9 iE*0¥ 

cit #3 1 2 ] ±b* 1 <Dmmm<D±.m p s©»» 

9lB»©*«*%7t*?o 

immmmwm 50 
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[0 0 0 1] 

imi(omrzmi#m ^commit, ^mwmtm^ 

fcBIU #K I I - V I &ft^¥ai#:£/B^fc¥afft 

LXftffi%.*>0)X$>2> 0 
[000 2] 

[0003] coi^ftfffea^uaift-psBewfiift^ 

Hg, Cd, Mg, BefcifOI I^TC^fcS, S e, 
TeW I mnMtt^t^ I I - V I 9Hfr&%¥ 

ZnMgSSeft ^SttfC-gtl. A 
¥&^M&G a A s3MiLh'\Ott*iaiW»ari6T?»D^ 
M&im&X«m/fflm%:¥mfols~*?%C<DG a A si 

aLT^SC^j&^penr^S Electronics 
Letters 28(1992)1798) „ 

[0004] coio i i - v i Mit-&\totm&*m^ 
immznrc i i-v i «{fc^NW**©«?Kraff 

^-fcW^tlSo GaAsl«(Dj;'5^I I I 

-VMt^SftllJ: I I -V I «Hb^ft^»ft* 

v>s cnzxiz, ±tLx\ 1 1 -vmittM¥m&m 
uti i -v i fflk&to¥m#m&Mto?mK.isvz 

^«OfiKK»*«^fctlT*rco JtOtfT?. III- 
T, III -V«ft^»¥»«««fc I I - V I Slfc^ 

m&% l x i o 4 c m" 2 OTlcJU^S c k*mriBlca 

838Bfc:feW-«#ifrfe l 0 0«FlH*i»*SfcSofc (0>J 
Electronics Letters 32(1996)552 ) 0 d©j;-5 

iii -v«fk^*¥«ft««fc i i - v i mt& 
i:^RTtgfc^D> I I -V I fcffc#i&¥»#*ffl^;fc¥ 

[0 0 0 5] 

soa^teititf, i i - v i mit^a^mi^m^tc 
m^ftm^ic&^xmmkmmmi£tifci§'&x& 



(3) 
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[0 0 0 6] Lfc^oT. £<DmM<DBmt. #'14©S 

feit%m%c ttfx%, Lfr$>mmi?) 1 1 -v i mt 

-So 

[000 7] 

•zmktzrcmz, mmmm^tco ixviczewm 

ICD^XMffltZo 10 
[0 0 0 8] f m*.&. ZnCdSe/ZnS 

e tmmic&*) i iasa««H#LT 

Z n C d S e/f*©C dW^jWHRfcJMWa C fctfftl 
£>*ITV3 (0»J*.Hf, Appl. Phys. Lett. 69(1996)264 
7) o -77, — JKtc. @IW©Jg?©|g»$tti£?L© 

[0 0 0 9] ST. I I-VlM^¥fft»fc 

**ff5cfcfc«fct) % ZnCdS ejgttfi^CdM? 20 

n C d S eSttii4<©C dJK^jWttPfcJRttLfe^ 
Z n C d S e ffittS*© C d ©^ttStfW^f Sfc 
46. cOZnCdSe Sttif ©My >y 

©BU Z n C d S e?S14/i4>©C dJI£?©ffi»K:fcJ:. ± 
j£©Zn Cd S e/ZnS eSfimcfcttS C dUC?© 

tffitom&tnmic, i i«a?Ltf»5u cdnc?© 30 
f£fK^R» 1 1 mm&m&iamirz t^zznzo 

Ufctf oT, Z n C d S efiHM^OC dM?©*'^ 

Z n C d S e Sttil*© I I 

[0 0 10] tfcfcS. Afcff«l/tV* I I ®^?L 
(ffl*.fcT. [V.. ) ) ©^Jt«7x;l/5P{i©fegfc 
m<m&?5o C<Dfc46, I I-V I«fc£»¥»K© 

Stu I I-VlMfc^^ft©lE7Uggtf 40 

«bT7x;V5Pfi[^T*^^, I l«£?L©»g#i* 
4>U ^©fSJH, I I «S?©JHR«HfliW*n«o 

[0011] c<D&oic, %nm*<D\ imm^awR 

*U4"<fci\, 

[0 0 12] T&fe*5, JdEBW^jlWrsrcfeKx c 
fc J: D B $ /uTSBift&W U nl^77 HI 43 50 
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itfpS!^9yHJittx Zn, Hg, Cd, Mg^O' 
B e »5&*SM: 9 W*tifc4>a< fct>-«S£U:© I 
ISot*^ S. SefeitfTeA^^PcfcDIIfft 
fc4>&< £feHISI«±©V I TcfS^cJ; <9«^Stifc 

1 1 - v i Mitsva^Mfofr ^mfomtm^ios 

^x, JSttMtf pSte&s c t*W®t?z>$><DX& 
[0013] £<Dmmfc$5^x, fe&moi isn?© 

^ifigN* -Nd (Na : TWJZWlSL, N. : h*+ 
-m&) it, 1 x 1 0 15 c m" 3 Klixio" c m 3 U 
T\ ffatctt 1 X 1 0 15 c m" 3 tt±5xio" c m" 3 « 
Tfc»*n*o 
[0 0 14] iKD&IBtefcVTHU nS!^5'yKItg 
ttHt©BIte I I - V I «Hfc^%if9»«t*^*«3'i©p 
KJi*£5fc:WLTt>«fcv\, c©*&, c©p 

*©i i^?©j^£#»fci»jk , r«mj&&»^ ix 

1 0 15 c m" 3 tLt 1 x l o 18 c m 3 MT, ftMlClt 1 x 
1 0 15 cm" 3 K±5xio" cm" 3 fiTFfcStftU ^© 
MM© I I«fflC?©ffift*^»fc|»jhU 

-r^ti^e., i o o nmJMTfcsstfnso 
[0015] co^fcfev^TB. mmmctt, nm* 

9 y H»fc MfeS ©M43 J: tf p Ml? 5 y FJi t Stt/i 
fc©P^(c. I I -V I Mfc-a-tl¥#^e4§ll 1 <£>% 

c <dm^ m i (ommm<D p s©^©^7 ^ * 7 

fcBSf±-r««jS*»6, 1 x l o 15 cm' ! ttilxio" 
c m" 3 OT. »atc« 1 X 1 0 15 cm" ! tt±5xio" 
c m* KTfcjI«*U SttMOI I»JS? 

nmJKTfcjWiftiao 

[0016] ±3*©«fc5te«iriEsnfcc:©^fc«fcn 

[0 0 17] 

BWI©*8t©«IM ftTF, c©58W©*M0e»cov« 

fcfe^T, |WI-$/ct4*fiS1-§^{cttll-©^^# 
■To 

[0 0 18] BI H4> C©H0^C)S 1 ©gfttigflRtCkS 
I I - V I «ft^Bf¥»ft*fflV^c¥»(*:U— = tf^T 
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®fffi01?&3o C©¥aS#U— 9*fck SCH (Separate 
Confinement Heterostructure) #B8*WU S-fflltt 

(SQW) «Bfi*#r* , feOTf*«o 
[0 0 19] Hlfca?TJ:5fc, c©¥##U— tffcfe 
VTttx nSGaAslIl ±£x Yi—^%m 
t LX S i^F-^nfcniGaAs^777l2, 
F-f-^fifflWfcLT C 1 nSZn 

-^SftfcnMZnMg S S e^7>y FH 4, K 
^-^WB&fcLTC ltf F-l/Sft/cnMZn S S eft 10 

ttfcp$[ZnCdSegteJf 6x WM£nHz7#tt 
»fcl/TN#K-:/SnfcpS!ZnS S eftii&f 7, 
W^7^-fe7°^^Mt;^LTN^K-7 0 ?nfcpMZ 
nMg S S e^5-y F® 8, mtfr^-fe^^fcHfefc 
t/tN#K-:/*tlfcpS!Z n S S ei9^ 09*.fc?7* 
*:/*^^fcLTNtf K-:7S*lfcpfflZnS e=iy 

**f«kk m^Tt^ZTfmmthxNh^n 

^tiF-:/£tifcpMZ nT e^5*5i?#pii:p 
SZnS e*P6>&SSS»fc#£EK*OT*ftfcpS!Z 20 
nTe/ZnS e^M»?#F (MQW) JB 1 1 *<ktf 

«*fcfr tuff^mst lxn® K-^*nfe pMz 

n T e 3>W FS 1 2 8W3K«I*tl"tV*. 
[0 0 2 0] ClT\ piZnSSel9<D±i^ p 
iZn S eny^r^Fjll 0, pSZnTe/ZnSe 
MQW/B 1 l&itfpMZ n T e ny$5 FJS 1 2ttX 

•7m<Dmi*M%-lf 1 0 /x nn?fc£ 0 

[0021] ±$©x f vjymiimfflio) 

pSZ n S S e!9±Kft M*tf7;V5t (A U 0 30 

3 ) Hfre&^iUi 1 3#«tt&tt-rv«o *LT, 

Xf7^7itt<9piZnTe3^^Hl 243<fctf 
mm 1 3±fcx M*-«\ JSStf 1 0 nm©P dMtm 
Stfl 0 0nm©P t Hirjf^^ 3 0 0 n m©A uBt 

mmmm Lkm&o Pd/pt/A u®i© «t s& p 

WW&l 4t>mtft>nX^% 0 — 2n niGaAslS 
mtf I nttiO.fcS&nlftttSl 5^ 

[0 0 2 2] tKD^ftP-lfKfc^-C plZnCd 
S eJSffili6if©^»7^-fe^JiaN» -Nd tt, fij 40 

x 1 o 15 cm" 3 JW±5 x 1 0" cm" 3 fiTFfcBtf 
*U XttWfctt* Wf6x 1 0 16 cm" 3 l:lftl«. 

[0 0 2 3] $fcx nlZn S S e^#MM5*5«ktf p 
SZnSSe TftiSB 7 LTtt, W*fcf Z nS..* S 

eo.94 (^BjSOZnSSei^BtU pSZnCd 
S e fflSM 6 £ LXit, fflMi Z n o. 85 C d 0.15 S e © 
fifSOZn C d S eJiJ^fflV^nSo 

[00 2 4] ^77, nSZnMgS S e?7*y FJ14© 
J|SW^f7 0 0nm, n^Z n S S eft«i5cD 
J?*tiMAtf6 0nm, piZn Cd S e ig'I4« 6 ©J? 50 
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JttWi6~12nm, p^Z n S S e fflWSM 7 © 
J?*tt0!*ar6Onm, piZnMgSSe^77b*I 
8©AM^iffl*.&5 0 0 nnu pMZ n S S elf 9©j? 
Si»lf5 0 0nm, p^Z n S e Fjf 1 0 

comtimZ-li 1 0 0 n m7?&3o 

[0025] <i©$g 1 commmmic »u 

nSGaAsS«li&8ff«. COnSGaA 

s 1 £m^©x e * + /i^ss^m l fe 

fix COniGaAslSUlCMBE^DnlG 
aAs^'y77l2^xe^i/tMSi*ti:5 0 c© 
F-f-^MtlT^SS i©F-tf> , y^ Si© 
(K-fe/1/) %ffl^Tff5o &fcx £©nSGa 
As^y7TW2©Xtf^*^+;l/J*Sttx niGaA 
s 1 5 8 0 t;#i£©Sfifc;bn*i L T ^-©s 

*B§iSLTSffi?t Jf fk*ff o Tcmzfi-o X *> <fc l> 0 
[0 0 2 6] *C CO<fc^aTnlGaAs; i !77 
7i2^xe^>tMS^tlfcnlGaAsSil 
£s H^1fn»LfcKSJK3SK*^rLTs ±M©MBE£j 
Bfr 5 H 2 fc^JMOM B E gilfcJIBSt S„ * LT. 
c ©H 2 KgtM B E g«fc:fc^x\ U-1f«3g^JfM 
TSS-I I -V I «ft^»¥«MWB©xif 
S^ffdo C©*1^ n!GaAsK777l2©gffi 
tts ^•©xtf^^> / ^;^S3b^ : ft«tiT^5)H 2 ic^rt 

MBE^micmM^n^>mic±mcs^-&ti^cox\ 

[0 0 2 7] 02ICgti5£s cOMBEgltC^ 
T tt, 0^«B§ (✓/fcffiSX^^Bfc <fc D ffiBSSfc 
Sf«StifcHSS«2 1 fttcffig*;^- 2 2*W^ 
n. c©8S*;P^-2 2Kxe^+S/^;l/^g«fr5 

ttx y- f 2 3 LxM^mm 2 1 d #tt 
sn/HHi§2 4*^kss«2 1 rttcsiA*nao x 

S^#g2 ltett, S«*;I/^-2 2tc»iRiLT«»©^ 
?fi8R (K-fe;!/) 2 5#3lt>tftt6ftTV*o c©» 
^H?i2 5fctTttx Zn, Sex Mg, Zn 

Sx t e43«fcifcd©*^«aa^MSt*nT^So n 

S^#§2 nc{i$e.fc, fW^ohpyitPl (EC 
R) ^Xv-fe;V2 6 ■tfWfotsjl,?- 2 2{c*f(nitTU 

V^7h2 7, V^^DS*ASS?2 8, 
A^2 9fe<fct>V9Xv#fiiP3 0#»W-5ttTV*o 
C©E C R7°^Xvfe;l/2 igJiM (RF) 

[0 0 2 8] ^Tx n§GaAs;^77l2±KU- 

+?wmmm%& 1 1 — v 1 «Kt^*¥3WMi*xe 

^*^;l/^*-&«fci6icttx H2(C^fMBE^g 
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©H£§#§ 2 1 F«g©*R*;l/^- 2 2 fC, C©nIGa 
A s^'y7r»2*<ie^>-lr;^g*tifcnSG a 
A slll^ft^o &fc, CCniGaAslil 

3 0 0 °C©$6Hft©ag, *#Wfc«M*.fcJ2 8 0°ClC 
TifTMB E^iSie^^^^MS^i^fS. 

nSGaAs;W77l2±fc, nfZnS 

e;^777l3s nlZnMgSSe^77Kl4, n 
SZnSSeS#!gi5, pgZ n C d S e 

pSZnSSe)feIii7, plZnMgSSe^77 10 

F®8> pMZnSSeJf9, piZnSeny^h 
110, plZnTe/ZnSeMQWIl lfe<fctfp 
MZnTeny^FJIl 2£JiI#xt^4^^J&M 

[0 0 2 9] ±i©MB ESIC<k«xtf^**/ + ;l/^S 

Kij^rtt, z nmntLrim&9 9. 99 

9 9%©Zn£ffll\ MgmU£LTltffl&9 9. 99 
9%0MgW\ S/RJStbTtt9 9. 9 9 9 9%© 
SeW5„ nlZnSe;W77l3, ni 

Z nMg S S e FI4 Wtf nlZ n S S eM 20 

14^9 9. 9 9 9 9%©ZnCl 2 SHw^h 

fcLTjavTfrdo znCh ©iras*t?&g;& 

6 0~2 0 0tmcfctj;-3t, ClOK-tf^ 
MA* 1 o" ~ 1 O 20 c m 3 ©WBttff&iarr* C t#T* 
t«o i*^ nSZnSe/^77l3®xe^> 
t/l/jSfttefcl^THU Z n C 1 2 <Dlm?m&% 1 4 0°C 

c i©F-ey^ii^3x i o 19 cm" 3 t 

■a-*tfc#T?*«o plZnCdS eS#S6, 

piZnSSeMSi7, pSZnMgSSe^77 30 
F/18, piUnSSeJl9, piZnSeny^^F 
110, piZnTe/ZnSeMQWll lfc'itfp 
§^Z n T e FJ1 1 2©7^-fe7°^^lf ! ^t LT 

©NCF-tf^ttx 02£/7fMBEiIiOECR7" 
5Xv-fe;l/2 6fcteVTx V^-y F 2 7fc«kS«tft© 
ffltofc<fct;^^Pfe#A^2 8^5©V^^pS(D 

[0 0 3 03 *^ plZnTeny^^Ml 2±fc 40 

smss©* f f^£ 

cQk^XF^-ym^^LT, piZnSSe 
l9©0*7j|Rj©^©^*ST"7X>y FXyfy^S 
£j;?)i'yfym o ctliaoT, pSZnSSe 
Ji9©±/ig|5, pSZnSeay^^MiO, pMZ 
nTe/ZnS eMQWll 1^0'pSZnT e^y 

[0 0 3 1] ±KE©Xy^y^Cffl^fcU> ? XF 
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Tcm, C©^XF;^->^ ^©±fCffM2tlfcA 
I2O3 Mfctfefc^-rs (U7F*7) o ttlfcJ: 
^T, XF9^?»tt©a5#©pS!ZnSS e«9± 

fc©»Ai» o, H&e&siawii zmmztizo 
(Kommmi 3 ttswR^frs &&©«>©•?&*«, 

[0 0 3 2] XF7^7^©pSZnTeny^ 
* F/f l 2 fc <fctflftSi/I l 3 ©£ffitc PdE Ptlfe 
<fctf A ufll*JIGKJ|ffiS»l/rP d/P t/A utftiP 

&ft*pfl««i 4*jb*u ^©^i^^jscTi^ 

ffl^lfoT, «:Opmtl4*plZnTe3^i' 
FMl 2te*- ^ffiWttS-erfto nlGaAsl 

& 1 ©s® te » 1 n «@© «fc -5 a n mmm 1 5 *jgi»r 

-So 

[0 0 3 3] £Lh©J:$te N £©^l©^$ffl^fc:<fc*i 
H ZnCdSe/ZnSSe/ZnMgSSe SC 
H*jg©^##P-^fe^T, fgtt/il: LT pSZ n 
Cd S eS1$»6£ffl^T^£CtJcJ;tK f£fUBV»S 
tiTV^rv F-y©Z n C d S e rg'ffiB^it^T, 7 
x;l/5¥ffi#ffi<&tK piZnCd S eiStt»6ff»© 
I I«£?L©»g#ffi<£3o ^©^S, MpSZn 
C d S e S'ffiJl 6 14, ^©*© C dfitftfJORLfc < ^ 

*frofc^ pMZn Cd S eS'|4g6 4i©Cdii? 
©fl$^©iflR*fflJi&l'rS £ fctfTftSOTf, piZn 
C d S e 6 fc43V»T C d 7cX©fij£tttf 

<fcs^yF^^7©iiA^i5?±*n, ;e©ig 

ft, SBSftftfiWfflftftffcJp If SSS© L f WiS^© 

£T\ Lfrfeft##© I I - V I 

[ 0 0 3 4 ] 0 3 t ©3£?!©Jg 2 ©^SS^fc <fc 5 
I I - V I V-*f*m 

mmmr«%>z>o c©^#^u-^t s c mus^u 

SOT* s Q w«Ki*w*r « fe ©-?£«, 
[0 0 3 5] 03 liLj&r <fc -5 c ©Jg 2 ©mfcJBUfc: 
^l©^Mff»j;S^«ftP- 
tffclWft«!iafcilI*T^ niZnSSe ftft&M 5 
pSZ n C d S eStt»6 i:©Mfc, W*.tf7*"fe7* 
^W*i:LrN««K-^*tlfcpfflZnS S eftg&li 
3 l*S6fc#f3o 

[0 0 3 6] C®piZnSSeMSi3 1tU 

Z n So.oe S eo.9< ©|SfiSc©Z n S S eg 
^fflV^nSo CCT\ pSZnSSe^ii3 1(D 
£a&7i"fe:/*WSEN* -Ni Bixio" cm" 3 W± 
5 x l o 17 cm" 3 OT> RftWfctt, M*tf 6 xio" 
c m" 3 fcjUfnSo C©pSZnSS e^#^ii 
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